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Collaboration

• BNL, UPenn, Berkeley, Princeton, UCLA, 
Wisconsin, Kansas, Colorado, Catania(Italy)

• Proposal: Written for the Homestake PAC.

• hep-ex/0608023  or BNL-76798-2006-IR



Money ?

• BNL has supported this activity at a level of 
~100k/yr for last 5 years.  

• Real R&D funding is now needed.  Request 
made to DUSEL R&D. It includes a few other 
institutions: Columbia, Northwestern.



The plan

• Build a >300 kTon fiducial volume water 
Cherenkov detector at ~5000 ft depth. 

• The detector should have wide dynamic 
range (5 MeV to 50 GeV) 

• Should have good particle identification 
capability and must lead to a facility with a 
long life (~30 yrs).



The plan at Homestake



The physics
• Astrophysical sources of neutrinos.  In 

particular, supernova, relic supernova,  solar, 
atmospheric sources. 

• Nucleon decay. 

• Accelerator neutrino beam with emphasis 
on CP violation in neutrinos.

• The detector required for all the above has 
to be very large (~100kton of efficient 
fiducial mass)



Recent Activities
• US long baseline neutrino experiment study (joint FNAL 

and BNL effort). Large effort on simulations of detectors 
and beams. A draft report at http://nwg.phy.bnl.gov/fnal-bnl 

• Nusag committee will use above report. Preliminary results 
report by P. Meyers to HEPAP last Month.  

• Talk to the FNAL program committee on Thursday March 
29th to report on the joint study. Talk is joint by Diwan/
Rameika. 

• Preliminary cost and schedule (Done by C. 
Butehorn@bnl.gov) 

• Subcontract to RESPEC to examine civil construction for 
300 kT.  

• Subcontract to Bortoszek for detector design. 

• Start of detector R&D. PMT pressure tests under progress. 

• Water system R&D to reduce costs. 

http://nwg.phy.bnl.gov/fnal-bnl
http://nwg.phy.bnl.gov/fnal-bnl
mailto:Butehorn@bnl.gov
mailto:Butehorn@bnl.gov


3 elements of detector 
project

• Cavern excavation 

- Critical for determining size and 
feasibility

• Photo-multiplier tube production

- Critical for schedule

• Photo-multiplier installation

- Drives the technical manpower need.



Backup information

• Rely on SuperK for schedule development

• Rely on SNO for electronics and installation 
costs.  

• PMT cost and schedule information from 
photonis and Hamamatsu (no actual quotes)

• Information from AUGER on PMT costs. 

• Installation details in progress





Summary cost ($FY07) for 300kT

Cavity construction (30% 
contingency)

$78.9M

PMT+electronics $171.3M

Installation+testing $35.7M

R&D,Water, DAQ, etc. $8.2M

Contingency(non-civil) $50.8M

Total $344.9M



Chamber construction must be estimated for 
a specific place. Choice here is the 4850ft level 

at Homestake near the Davis cavern.

This  was Mark Laurenti’s 
plan from 2002





Chamber excavation
Labor/Benefits $19.3M

Mining equipment operations $4.55M

Supplies $15.8M

Precast concrete liner $11.4M

Outside contractor (bore holes) $0.42M

Plastic liner $0.79M

Rock removal $3.18M

Mining equiment $5.30M

Contingency $18.2M

Total for 3 chambers $78.9M

Sanity check: estimate based on former Homestake mine chief 
engineer’s estimate.  Cost comes out to be $63/ton, well above to 
historical costs at Homestake.



RESPEC review
• RESPEC has sent us a preliminary 

review of the excavation cost and 
schedule.  Topical report RSI-1919. 



What do we need to go further

• $200k for much more detailed design.  (quote from RESPEC)

•Plan for Rock coring (towards the North) in Fall 
2007. Install Stress sensors into favorable holes. 
• Waste rock movement. “DUSEL”  should provide 
a drift to Ross rock dump.  

• Use this drift for all waste rock with a 
common conveyor belt. 
•Think also about a near surface conveyor 
belt.  

• Common water purification system. Design  so 
that capacity can be added and cost per unit mass 
is low for the whole lab.  
• Ventilation design should include effect on the 
air flow due to the big detector.  



PMTs
Cost for one

28 cm dia PMT $933

Installation/PM $175

Electronics/PM $127

Cable/PM $86

Total per PMT $1317

50000 PMTs per 100 kT tank => 25% coverage
Sanity checks: Auger PMT cost $629/each for 5000 units with 9 
inch diameter. Base cost additional $175.  Other costs have basis 
with SNO actual costs with adjustments for differences.  The 
installation cost will soon become better with the conceptual 
engineering subcontract.  
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PMT R&D
• Issues are: making 150000 tubes in 6 years 

time, their efficiency, and their pressure 
performance. 

• If PMTs can stand higher pressure, the 
cavern can be taller => more fiducial 
volume. 

• Have had meetings with Photonis and 
Hamamatsu: no barrier to PMT production 
except money.



We are focussed on the R7081 tube
It is more efficient than the R3600.  

25% *R7081 => 35% *R3600



Pressure testing

Have 32 phototubes from 
Hamamatsu. Pressure vessel from 

BNL. Evolving testing protocol. 

Hamamatsu rating is 
~7atm. Tested this 

tube until it broke at 
148 psi (~10atm) 



Switch to Physics
• Accelerator physics:  With an intense beam 

from FNAL. 

• Non-accelerator physics: 

- nucleon decay. What is the reach with 
300 kT ? 

- low threshold. Can we get to 5 MeV 
thresholds ? 

- What is the depth needed ? 



M.Diwan

Summary of depth vs 
physics/Sobel
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Summing Up

• High energy signals; PDK, atmospheric 
neutrinos, depth ~ <1600 mwe required.

• Supernova in our galaxy S/B still ~103 at 500 
mwe. Andromedia S/B ~1 at 1300 mwe.

• Relic neutrinos without Gd needs SK depth –
with Gd could possibly go as shallow as ~2000 
mwe.

• Reactor neutrinos need ~2000 mwe.

• Solar neutrinos deadtime ~40% at 2360mwe, 
much less not useful.
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 4850ft: 
100kT

~3M mu/yr

depth meters water equivalent 

Deep option

Site proposed here

with rate of 1 mu/10 
sec => may not need 

veto-counter

The Beam neutrinos 
will be obvious with a 
rate of 100-200/day in 

10 mus spills.

No pattern recognition 
beyond time cut is 

needed. 
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Nucleon decay
• Large body of work by 

HyperK, and UNO. 

• background levels for the 
positron+Pion mode

• 3.6/MTon-yr (normal)

• 0.15/MTon-yr (tight)

Ref: Shiozawa (NNN05) 300kTX10yrs 7X10^34 yrs

(300kT) will hit backg. in 
<2yrs. It could be important 
to perform this first step 
before building bigger.
Sensitivity on K-nu mode is 
about ~8x10^33 yr
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Astrophysical Neutrinos
Event rates. (300kT),  3 yrs 

• Atmospheric Nus: ~20000 muon, ~10000 electrons. (Ref: 
Kajita nnn05)

• Solar Nus: >120000 elastic scattering E>5MeV  (including 
Osc.) (Ref: uno)

• Galactic Supernova: ~60000/10 sec in all channels. (~2000 
elastic events). (Ref: uno)

• Relic Supernova:  (ref: Ando nnn05)

• flux: ~5 (1.1)  /cm2/sec Enu>10 (19) MeV 

• rate: 150 (70) events over backg ~200  !
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Assumptions in 
calculations

• beam: 120 GeV 0.5 deg

• efficiencies from Yanagisawa for WCh

• for LAR 80% eff for sig.  very little NC bkg. 

• WCh: 300 kTon fiducial mass, LAR:100kT

• 1300 km (1480 km plots in progress) 

• 30e20 protons for each nu and anu 
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Exposure

• 1.2 MW for 1.7 10^7 sec at 120 GeV  = 
10.6 e20 POT

• 30e20 => 3 yrs at FNAL

• 60e20 => 6 yrs at FNAL 
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30+30, 
stat+syst

30+30, 
stat

30+30, 
stat

60+60, 
stat+syst

60+60, 
stat

TH13 limit WCh



th13 limit LAR
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mass hierarchy WCh
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mass hierarchy LAR

30+30
stat+syst
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CP violation exclusion WCh

30+30 st+sy

60+60 st+sy 60+60 st

30+30 st



CP exclusion LAR 

30+30  st+sy 30+30  st



parameter measurement    WCh

30+30 st+sy 30+30 st

60+60 st+sy 60+60 st



parameter measurement LAR 

30+30 st+sy 30+30 st



M.Diwan
52

Summary
• I reviewed the physics considerations and technical 

progress for a large detector at Homestake program. 

• A powerful and unique facility is possible if combined with a 
new MW class proton machine.  Such a facility in the  US 
remains well-motivated and possible at FNAL.

• There are two choices for the accelerator program:  NuMI 
based with off-axis surface detectors or DUSEL based with 
underground detectors that could carry out nucleon decay 
and other high priority science. 

• A very large detector ~100 kT efficient mass is needed to 
carry out the program no matter where. 

• A new joint laboratory (FNAL/BNL)study has been 
evaluating these and has mostly completed the work. 
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Homestake coordination issues

• What confidence level can be applied to the cost estimate ? 

• Who pays for exploratory work ? Site investigation 1-3% of total cost. 

• Exploratory galleries (~1%) 

• Cavern instrumentation (~1%) monitoring for 50yrs.

• Mobilization and demobilization (extra overhead).

• Who pays for the rock removal and disposal ?

• Who pays for water consumed in excavation ? 

• What is the contingency for civil construction ? 30%? 50%? 

• What about the DOE, ~22% charge for architeture and engineering (AECM) ? 

• What overheads to be included ? For construction and for operation. Who pays 
for additional use of hoists, elevators and ventilation ?

• What is the appropriate labor charge for South Dakota ?
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What do we need to go further

• $200k for much more detailed design.  (quote from RESPEC)

•Plan for Rock coring (towards the North) in Fall 
2007. Install Stress sensors into favorable holes. 
• Waste rock movement. “DUSEL”  should provide 
a drift to Ross rock dump.  

• Use this drift for all waste rock with a 
common conveyor belt. 
•Think also about a near surface conveyor 
belt.  

• Common water purification system. Design  so 
that capacity can be added and cost per unit mass 
is low for the whole lab.  
• Ventilation design should include effect on the 
air flow due to the big detector.  


